This article is concerned with the mechanisms underlying the detection of amplitude modulation (AM), frequency modulation (FM), and mixed modulation (MM), i.e., simultaneously occurring AM and FM. In a previous study lB. C. J. Moore and A. Sek, J. Acoust. Soc. Am. 92, 3119-3131 (1992)], psychometric functions were measured for the detection of AM alone and FM alone, using a 10-Hz sinusoidal modulator and a 1-kHz carder frequency. Detectability was then measured for combined AM and FM, with modulation depths selected so that each type of modulation would be equally detectable if presented alone. The detectability of the MM was better than would be predicted if the two types of modulation were coded completely independently. This study examined the possibility that the good detectability of MM was caused by the fact that the AM and the FM were correlated, so that each was predictable from the other. The design was similar to that of our earlier study, but the 10-Hz sinusoidal modulator was replaced by a narrow-band noise modulator. In the MM conditions, the modulators for AM and FM were either strongly positively correlated or essentially uncorrelated. In experiment 1, the waveforms of the noise modulators were fixed throughout the experiment (frozen noise). In experiment 2, the waveforms of the noise modulators were chosen independently for each trial. In both experiments, for both correlated and uncorrelated modulators, the detectability of the MM was better than would be predicted if the two types of' modulation were coded completely independently. Performance was better for the correlated modulators than for the uncorrelated modulators. The results indicate that the high detectability of MM cannot be attributed solely to one type of modulation (e.g., FM) being predictable from the other type of modulation (e.g., AM).
INTRODUCTION
As reviewed in an earlier paper (Moore and Sek, 1992) , there has been some controversy in the literature as to whether amplitude modulation (AM) and frequency modulation (FM) are coded by a single underlying mechanism, or by different mechanisms. Zwicker (1952 Zwicker ( , 1956 Zwicker ( , 1962 Zwicker ( , 1970 and Maiwald (1967a,b) have proposed that only a single mechanism is involved. They suggested a model based on the concept of the psychoacoustical excitation pattern, which can be defined as the output of the auditory filters as a function of center frequency Glasberg, 1983, 1987) . Their model, and other related models Sek, 1992, 1994) , assume that changes in either amplitude or frequency are detected by virtue of the changes in excitation level that they produce in the peripheral auditory system.
Other researchers have argued that AM and FM are detected via independent mechanisms (Feth, 1972; Coninx, 1978; Demany and Semal, 1986) . One argument against the single-mechanisms hypothesis has been based on the results of studies of the detection of combined frequency and amplitude modulation, known as mixed modUlation (MM). In these studies, the modulators have been sinusoids, with the same modulation frequency for both AM and FM. Coninx (1978) found that the detectability of MM was not influenced by the relative phase of the modulators for AM and FM, which is contrary to the predictions of the single-mechanisms hypothesis. However, Sek ( 1992, 1994) found that relative modulator phase did influence the detectability of MM, although the effect of the phase was very small for low values of d', as used by Coninx (1978) . Sek (1992, 1994 ) measured psychometric functions for the detection of AM alone and FM alone., using a 10-Hz modulation rate and carrier frequencies of either 1 or 6 kHz. Detectability was then measured for combined AM and FM, with modulation depths selected so that each type of modulation would be equally detectable if presented alone. If the information provided by AM and FM is independent and the two fortas of information can be combined optimally before an overall decision is made, then the value old' obtained by combining FM with index/3 and AM with index m, diem, will be (Green and In the present experiment we tested this idea by studying the detection of MM using narrow-band noise modulators. Initially detectability was measured for AM and FM alone, using such noise modulators. Then, as in our earlier experiments using sinusoidal modulators, detectability was measured for MM using modulation depths for AM and FM that would be equally detectable if presented alone. The modulators for AM and FM were chosen to produce changes in amplitude and frequency that were either highly correlated or essentially uncorrelated. In the second case, if AM and FM are coded independently, performance should be equal to or worse than that predicted by Eq, (1). On the other hand, if AM and FM are coded by a common underlying mechanism, performance with the uncorrelated modulators might still be better than predicted by Eq. ( 1 ).
Experiment I used frozen noise modulators in which the noise waveforms used were the same throughout the experiment. This was done so that, in the condition with uncorrelated noise modulators, we could select a pair of noise modulators (one for AM and one for FM) that had a low cross correlation, ensuring that one was not predictable from the other. A problem in using frozen noise is that subjects might learn the characteristics of the specific modulators used. Hence, the second experiment used independent noise samples on each trial. B. Procedure
Subjects were tested in a double-walled soundattenuating chamber. An adaptive two-alternative-forced choice (2AFC) procedure was used. The task was to indicate (by pushing the appropriate button) whether the first or the second stimulus in a pair was modulated in any way.
Correct-answer feedback was provided by lights on the response box. The method for determining psychometric functions was the same as described by Sek (1992, 1994) . A run consisted of 55 tri•.ls. Five different modulation depths were used in each run. The highesot modulation depth was chosen to be rathe[ easily detectable (typically giving 90-95% correct responses), and the smallest was chosen to be difficult to detect, typically giving 55-60% correct; pilot runs were used with each subject to establish appropriate values for the modulation indices.
The first five trials within a run were practice trials a• the largest modulation depth, to help the subject to "home in" on the appropriate detection cues. The remaining 50 trials were test trials. In the first five of these, the modulation depth started at the highest value and decreased progressively to the lowest. This was thert repeated for the next five, and so on. Thus the subject was presented with an "easy" stimulus every five trials, given by the fitted lines in Fig. 2 
II. EXPERIMENT 2: DETECTION OF MM USING RANDOM NOISE MODULATORS
A potential problem with experiment 1 is that subjects may have learned the characteristics of the specific noise modulators used. In particular, although the modulators in the uncorrelated condition were chosen to have a low cross correlation for all time delays, subjects may have learned the relationship between the two modulators over a series of trials, and hence learned to predict one from the other. Experiment 2 was intended to overcome this problem by using independent samples of noise on each trial.
A. Method
The stimuli were similar to those of experiment l, except that the noise modulators were chosen independently on each trial. Two conditions were run. In one, the pattern of changes in amplitude and frequency was identical on each trial. In the other, the changes in amplitude and frequency were independent (different randomly chosen noise samples).
The method of stimulus generation, and the procedure were the same as for experiment 1. Subject AS and two new subjects participated. All subjects had normal hearing at all audiometic frequencies. The two new subjects had 
III. DISCUSSION
The results show that the detectability of MM using noise modulators is better than would be predicted if the information provided by AM and FM were independent and the two forms of information could be combined optimally before an overall decision was made. Furthermore, this happened even for the uncorrelated noise modulators, for which one type of modulation (AM or FM) was not predictable from the other type.
It should be noted that the "integration" model described above is only one of a number of models that can be applied to decisions based on independent sources of information. For example, Green and Swets (1974, pp. 239- The detectability of MM was markedly higher when the noise modulators were positively correlated than when they were uncorrelated. This could be explained in two ways. The first is in terms of excitation pattern models. Consider the following two cases.
(1) When the noise modulators for AM and FM are uncorrelated, the changes in excitation that they produce at each point on the excitation pattern are independent. If, at a given point on the excitation pattern, the AM produces a modulation in amplitude with rms value AAM, and the FM produces a modulation in amplitude with rms value AFM, then the rms amplitude modulation produced by the MM will be, to a first approximation, It is difficult to decide from the present data which of these explanations is correct (of course, the explanations are not mutually exclusive). However, a comparison with our earlier results suggests that summation of AM-induced and FM-induced changes in excitation level is probably the most important factor. Moore and Sek (1994) showed that the detectability of MM for sinusoidal modulators could be accounted for reasonably well by an excitation-pattern model based on the assumption that information from all parts of the excitation pattern was combined, but in a nonoptimal manner. This model was able to account both for the effects of relative modulator phase and for the fact that performance was above that predicted from summation of independent sources of information for all modulator phases. In the present results, the difference in detectability between correlated and uncorrelated noise modulators was similar to the difference found in our earlier studies between in-phase and orthogonal phase (90* and 270*) sinusoidal modulators Sek, 1992, 1994) . Thus it seems likely that the effect of correlation found in the present paper can be explained mainly in terms of the summation of changes in excitation level produced by the AM and FM.
IV. CONCLUSIONS
(1) The detectability of both AM and FM is proportional to the square of the modulation index for sinusoidal modulation, and to the mean square value of the modulation depth for noise modulation.
(2) When modulation indices are expressed as their rms values, and when the detectability of the modulation is relatively low (d'• 1), sinusoidal and noise modulators are equally detectable when their modulation indices are equal. When detectability is high, equal rms modulation indices tend to give slightly higher detectability for sinusoidal than for noise modulators.
(3) The detectability of MM for noise modulators is greater than would be predicted from the combination of independent sources of information about AM and FM. This is true even when the noise modulators for AM and FM are uncorrelated, so that one is not predictable from the other. This suggests that FM and AM are not coded by entirely independent mechanisms.
(4) The detectability of MM for noise modulators was greater when the modulators for AM and FM were correlated than when they were uncorrelated. This can be explained either in terms of a common underlying mechanism for detection of AM and FM, based on the concept of the excitation pattern, or in terms of partly independent mechanisms for detection of AM and FM, each of which is facilitated by correlated information from the other. A comparison with earlier results for sinusoidal modulators suggests that the former is the dominant factor.
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•We had intended that the two waveforms should be exactly identical, but a minor programming error led to them differing very slightly.
